Vernonia spp. (Asteraceae) are reported in Mexican herbolaria for used in menstrual disorders, hair regeneration, dysentery, and as a coagulant.
Vernonia spp. (Asteraceae) are reported in Mexican herbolaria for used in menstrual disorders, hair regeneration, dysentery, and as a coagulant. 1) Brazilian folk medicine has shown that the crude extract prepared from leaves of V. condensata prevents stomach and liver disturbances (sic).
2) Several of these applications suggest presence of compounds active on smooth muscle. Sesquiterpene lactones, mainly glaucolide-and hirsutinolide-type, have been isolated from Vernonia spp. -sensu latu-. [3] [4] [5] [6] However, several hirsutinolides might be artifacts formed from glaucolides on exposure to acidic adsorbents during chromatography. [7] [8] [9] Glaucolides have been reported to elicit molluscicidal, antitumoral, and antimicrobial properties 5, 10, 11) ; but their effects on smooth muscle have not been investigated previously. Parthenolide, a structurally related sesquiterpene lactone (Fig. 1D) bearing also a germacra-1(10),4-diene-4-epoxide skeleton is known to inhibit smooth muscle contractility likely due to the amethylene g-lactone moiety. 12) Therefore, the effects of glaucolides D (Fig. 1A ) and E (Fig. 1B ) on vascular and uterine smooth muscle contraction were studied. The effect of a hirsutinolide type sesquiterpene lactone (Fig. 1C ) lacking both germacrane skeleton and a-methylene g-lactone was also investigated. We have assayed the action of these compounds on smooth muscle pre-contracted with either depolarizing high-KCl solution or an agonist (noradrenaline for aorta and oxytocin for uterus). This model was selected as mean to indicate whether glaucolides D and E are able to relax the contraction dependent on different pathways of calcium influx.
MATERIALS AND METHODS
Compounds Glaucolides D (Fig. 1A ) and E (Fig. 1B) were isolated from Vernonia liatroides by chromatography and identified by spectroscopic methods as previously described.
3) The hirsutinolide [1R,4S,5R,6S,8S,10R]-8,10,13-triacetoxy-1(4)-epoxy-1,5-dihydroxygermacr-7(11)-en-6(12)-olide ( Fig. 1C) Animals Sprague-Dawley rats, female for uterine experiments and male for aorta experiments, body weight approximately 300 g, were used. Virgin female rats received a subcutaneous injection of estradiol benzoate (40 mg/kg) 24 h prior to the experiment. Animal experiments were performed following the recommendations of the Policies on Animal Experimentation of the Scientific Committee of the Instituto Mexicano del Seguro Social; animals were decapitated, and uterus or descending thoracic aorta were isolated, fat and connective tissue were removed, and tissues were placed in Krebs-Ringer bicarbonate solution.
Uterus Experiments Uterine rings (5-7 mm long) were placed in a 5 ml organ bath containing Krebs-Ringer bicarbonate (KRb) solution with the following composition (mM): NaCl, 120; KCl, 4.6; CaCl 2 , 1.5; NaHCO 3 , 20; KH 2 PO 4 , 1.2; MgSO 4 , 1.2, and glucose 11, maintained at 37°C and bubbled with a mixture of 95% O 2 -5% CO 2 (pHϭ7.4). Contractions were recorded isometrically by a force-displacement transducer (Grass, FT03) connected to a Grass polygraph (model 7B). Tissues were allowed to equilibrate for 60 min during which KRb was changed every 20 min and maintained under optimal tension of 1 g prior initiation of the experimental protocol. After equilibration, uterine rings were bathed in a depolarizing solution (60 mM KCl) prepared by equimolar substitution of NaCl for KCl to expose tissues to a single sub-maximal concentration of KCl (60 mM), and to elicit contractile response. Control contractile responses were considered as two successive similar responses. To study the effect of the compounds on a depolarization-induced contraction, a third maximal contraction to KCl 60 mM was recorded during 20 min to obtain steady response. After reaching plateau response, each compound (A, B, or C) was added in progressively increasing cumulative concentrations (3, 10, 30, 100 mM) to the bath solution and Vernonia spp. (Asteraceae) are used in herbolaria in Latin America in menstrual and stomach disorders, suggesting smooth muscle relaxing properties of some of their chemical constituents. For pharmacological support for this belief, sesquiterpene lactones glaucolides D and E were assayed on isolated rat smooth muscle. Glaucolide E proved more potent than glaucolide D to relax high KCl-or noradrenaline-induced contractions in aorta and to relax the high KCl-contraction in uterus. Hirsutinolide-type sesquiterpene lactone also was tested but displayed no effect. Relaxation of smooth muscle by structurally related sesquiterpene lactone parthenolide has been attributed mainly to the a a-methylene g g-lactone moiety; because glaucolides D and E lack this functional group, their relaxant properties may rely on other alkylating sites such as C10 of the germacra-1(10),4-diene-4-epoxide skeleton.
Relaxation of Uterine and Aortic Smooth Muscle by Glaucolides D and E from Vernonia liatroides
the effect of each concentration on the tonic contraction was observed for 5 min. In every set of experiments, a control tissue was run concurrently; this control was treated in the same manner as test tissues but only vehicle was added. To study the effects of compounds on agonist-induced contractile response, contraction was induced by 10 mU/ml oxytocin. After 10 min, the compound was added in progressively increasing cumulative concentrations (3, 10, 30, 100 mM) on contractile response.
Aorta Experiments Aortic rings (approximately 5 mm in length) were mounted in organ baths containing 5 ml KRb solution, maintained at 37°C and bubbled with a mixture of 95% O 2 -5% CO 2 (pHϭ7.4). The equilibration period was similar to that of uterine rings, but optimal tension was 2 g. Subsequently, a protocol similar to that of uterine rings was performed to elicit KCl (60 mM)-induced contractile responses and to assay glaucolide effect. To study the effects of glaucolides on agonist-induced contractile response, the tonic contraction was induced by 10 Ϫ6 M noradrenaline concentration, producing sub-maximal contraction. To avoid noradrenaline oxidation in the bath solution, 50 mM ascorbic acid was added to noradrenaline solution freshly prepared for each experiment. When contractile response to noradrenaline was stable, the compound was added in progressively increasing cumulative concentrations (3, 10, 30, 100 mM) at 5 min-intervals.
Drugs L-Noradrenaline bitartrate, 17b-estradiol-3-benzoate, and ascorbic acid were obtained from Sigma Chemical Co. (St. Louis MO, U.S.A.). Dimethyl sulfoxide and ethanol were purchased from Mallinckrodt Baker (Mexico), while oxytocin was obtained from Sandoz (Mexico). Glaucolides were dissolved in dimethyl sulfoxide/ethanol (2 : 5, v/v). Final concentration of DMSO/ethanol in the bathing solution did not exceed 0.2%, innocuous to tissue contractile activity. Estradiol benzoate was dissolved in corn oil (100 mg/ml).
Data Analysis Maximal tissue contractile response was determined as the response elicited by 60 mM KCl or by agonist (10 Ϫ6 M noradrenaline or 10 mU/ml oxytocin). Relaxation induced by compounds A, B, and C was assessed as percentage of relaxation of maximal contractile response. EC 50 is the effective concentration 50 (concentration of compounds causing 50% relaxation of smooth muscle contractile response). Results are expressed as meanϮS.D. of 4-10 or more preparations each obtained from different animals. One-way analysis of variance and Bonferroni test for multiple comparisons were used to evaluate statistical differences, and pϽ0.05 was considered significant.
RESULTS

Effect of Glaucolides on High KCl-Induced Contractions
Smooth muscle contractions induced by 60 mM potassium in both aorta and uterus were relaxed by glaucolides D and E in a dose-dependent manner (Fig. 2) . No effect was observed when hirsutinolide was assayed. EC 50 and E max values indicate that glaucolide E was more potent, and more effective than glaucolide D to relax high KCl-induced contraction in both tissues (Table 1) . When the effect of glaucolide D was compared between high KCl-and agonist-induced contractions, glaucolide D showed to be more potent acting on high KCl-induced contractions in aorta (pϽ0.001) and on oxytocin-induced contractions in uterus (pϽ0.05). Regarding glaucolide E, this showed to be more potent and effective acting on high KCl-than on noradrenaline-induced contractions in aorta (pϽ0.01). The effect of glaucolide E on high KCland oxytocin-induced contractions in uterus was not statistically different (Tables 1, 2) .
Effect of Glaucolides on Agonist-Induced Contractions Glaucolides D and E relaxed in a dose-dependent manner contractions induced by noradrenaline (10 Ϫ6 M) and oxytocin (10 mU/ml) in aorta and uterus, respectively (Fig. 3) . The hirsutinolide lacked effect on both tissues. Glaucolide E showed to be more potent and effective than glaucolide D on noradrenaline-induced contractions in aorta (pϽ0.05). No significant difference was observed between glaucolides D and E on oxytocin-induced contractions in uterus (Table 2) .
DISCUSSION
To our knowledge, this is the first report concerning relaxant effects of glaucolides on smooth muscle. We have tested the action of these compounds on smooth muscle contraction induced by either high KCl or agonist (noradrenaline for aorta, oxytocin for uterus).
Glaucolides D and E relaxed contractions induced by high KCl or agonist in aorta and uterus; the hirsutinolide was devoid of activity. These results suggest that sesquiterpenoids lacking a-methylene g-lactone moiety could also relax smooth muscle contraction as long as they bear alternative alkylating sites such as C-10 provided by germacra-1(10),4-diene-4-epoxide skeleton. The importance of alternative alkylating-reactive sites in addition to a-methylene g-lac- tone was first addressed by Fischer et al., 13) who examined the antimicobacterial activity of a variety of sesquiterpene lactones including parthenolide. In fact, it was proposed that facile transannular cyclization of parthenolide may explain the high activity of this compound. A similar mechanism may be operating on smooth muscle contractility in the case of glaucolides D and E. It is noteworthy that hirsutinolide, transformed by a 1-4 transannular cyclization, lacked activity, whereas glaucolide E, which bears a reactive a-methylene in the acyl substituent, was more potent than glaucolide D, exhibiting an epoxide.
Spasmogenic responses of smooth muscle to high potassium solutions can be explained in terms of calcium influx from extracellular milieu via voltage-operated calcium channels; 14, 15) this mechanical response to KCl can be completely inhibited by calcium entry blockers. 16, 17) The relaxing effect of several products isolated from medicinal plants has been related to blockade of calcium influx to smooth muscle cell. 18, 19) Additionally, agonists such as noradrenaline or oxytocin induce calcium influx by activating receptor-operated channels. 20) In the present study, glaucolides D and E relaxed the contraction induced by either high potassium or agonist (noradrenaline on vascular smooth muscle, oxytocin on uterus). Based on previous reports, [14] [15] [16] [17] [18] [19] [20] we suggest that this finding might be explained by the inhibition or blockade of calcium influx via voltage-and receptor-operated channels in vascular and uterine smooth muscles. However, at the tested doses, glaucolide E was more potent and effective than glaucolide D to relax KCl-induced contraction in both tissues and in noradrenaline-induced contraction in aorta, whereas in the oxytocin-induced contraction of uterine smooth muscle both glaucolides displayed a similar effect. A likely explanation for this finding might be that glaucolide E has higher affinity than glaucolide D for calcium channels. However, this would not explain the similar effect on oxytocin-induced contraction in uterus. In this case, oxytocin-induced contraction involves calcium influx through receptor operated-channels and calcium release from internal stores. 21) Uterine intracellular calcium stores may be very efficient, i.e., oxytocin-induced contractile response in myometrium is extremely resistant to extracellular calcium removal. 22) This might be the reason we observed no difference between the relaxing effect of glaucolides E and D on oxytocin-induced contractile response in uterine smooth muscle. On the other hand, these compounds might have other sites of action, such as protein kinase C, phospholipase C, etc. Therefore, more studies are needed to investigate the precise mechanism of action of glaucolides on cellular pathways of calcium entry and/or on the mechanism of calcium release from internal stores.
